ABSTRACT: Thirty two populations of Dreissena polymorpha (Pall.) from Poland were electrophoretically studied with respect to seven enzymatic loci. The zebra mussel was found to be genetically highly variable, as indicated by high polymorphism of particular loci and wide individual genotypic variation. The parameters of genetic variation of D. polymorpha from Poland were: 100% polymorphic loci, mean number of alleles per locus 4.7, mean number of genotypes per locus 10.3, mean expected heterozygosity per locus 0.473. The mean percentage of polymorphic loci per population was 89.3, mean number of alleles per locus per population 3.5, mean number of alleles per polymorphic locus per population 3.7, mean expected heterozygosity per locus per population 0.447, mean number of genotypes per population 5.3. Colonies of D. polymorpha proved to be genetically much differentiated: the mean percentage of polymorphic loci per colony was 86.2, number of alleles per locus 2.62, genotypic differentiation 95%. The genetic similarity between the populations was high which indicates a large uniformity of the species in Poland. The genetic similarity between the populations was 0.828-0.999, the genetic distance 0.001-0.189. No genetic differences were found between populations from the regions of Pomerania, Mazurian Lakeland and Konin. The genetic similarity between the three groups of populations ranged from 0.975 to 0.986, the genetic distance from 0.014 to 0.025. The Polish populations of the zebra mussel showed a slightly higher level of genetic variation compared to W European and N American populations. Colonisation is not accompanied by a decrease in the gene pool resulting from genetic drift; the species seems to expand its range using all its genetic potential.
INTRODUCTION
The zebra mussel (Dreissena polymorpha) is a typically invasive species whose distribution range has been gradually expanding for ca. 200 years, from the regions of the Black, Caspian and Azov Seas, the expansion still being in progress (WIKTOR 1969 , STAÑCZYKOWSKA 1977 .
The expansion of the zebra mussel is favoured by its numerous biological properties, among others high fertility of females (BORCHERDING 1991) , internal fertilisation and the veliger larva which is capable of long-distance dispersal within water bodies (LEWANDOWSKI 1982a) . The expansion is also aided by transport of adult individuals attached with their byssus threads to boats, barges, etc. (LEWANDOWSKI 1982b , BORCHERDING 1991 and migration of adult individuals after dissolving their byssus threads (ACKERMAN et al. 1994) . Besides, the process is facilitated by the ability to survive a few days outside water (WIKTOR 1969 , GRIFFITHS et al. 1991 , to colonise waters of various trophic conditions (WIOENIEWSKI & DUSOGE 1983 , LEWANDOWSKI 1991 , as well as polluted (STAÑCZYKOWSKA et al. 1983 , PIECHOCKI & DY-DUCH-FALNIOWSKA 1993 , heated and brackish waters (WIKTOR 1969 , KORNOBIS 1977 .
Fossil record indicates that D. polymorpha was present on the continent before the Ice Ages (NOWAK 1974) . Its Tertiary range included the area between the Atlantic Ocean in the west and the Aral Sea in the east, the White Sea in the north and the Black and Caspian Seas in the south. During the Ice Ages the bivalve became almost completely extinct, its distribution being limited to the shores of the Black and Caspian Seas, from where later its expansion started (PIECHOCKI & DYDUCH-FALNIOWSKA 1993) . The expansion proceeded mainly along rivers and was associated with inland shipping (NOWAK 1974) . Its first stage, leading from the northern part of the Caspian Sea and the delta of the Volga River up this river and into its tributaries, included the European part of Russia. Another and stronger expansion started from the shores of the Black Sea and proceeded northward along the Dnieper River and its tributaries. Having invaded Eastern Europe, the zebra mussel penetrated Central Europe by two main routes: along the coast of Northern Europe and along the Danube River valley (NOWAK 1974) .
In 1800-1960 the zebra mussel invaded the total area of ca. 1.25 mln km 2 in Europe, which constituted 35% its present distribution range. The mean expansion rate was ca. 7,800 km 2 per year (NOWAK 1974) .
According to some authors, during the Ice Ages D. polymorpha did not become extinct in entire Europe, but survived in at least a few isolated areas: lakes of Schlezwig-Holstein in Thuringia (WALZ 1974) , Kuronian Bay, Ohrida Lake in the former Yugoslavia, some water bodies of the Hungarian Lowland (NOWAK 1974) and in the Balkans (PIECHOCKI & DYDUCH-FALNIOWSKA 1993) . Besides, the proponents of this view are of opinion that the over 200 year expansion in entire Europe was fast due to the presence of isolated localities on the whole continent, and the present distribution range is a reconstruction of the earlier range (NOWAK 1974 , STAÑCZYKOWSKA 1977 .
Besides the invasion in Europe, the zebra mussel spread also southward and eastward of its endemic distribution range, though the details of this process are unclear (NOWAK 1974) . In 1986, D. polymorpha invaded also the Great Lakes of North America from where it is expected to expand its range to the whole American continent (HEBERT et al. 1989 , BORCHERDING 1991 , CLAXTON et al. 1997 .
In Poland, the earliest records of D. polymorpha date from 1824, from the former Eastern Prussia, while in Western Pomerania the species was observed only in 1896 (BRANDT 1896 , PIECHOCKI & DYDUCH-FALNIOW-SKA 1993 . It is suspected that the zebra mussel reached the Baltic coast through the Neman River which, at the end of the 18th c., was connected with the Dnieper River by the Ogiñski Canal (NOWAK 1974) .
At present in Poland the species occurs mainly in the Mazurian Lakeland, Pomerania and Wielkopolska. It inhabits fresh and brackish waters: slow-flowing rivers, canals, harbours, lakes, ponds, estuaries and dam reservoirs (WIKTOR 1969 , STAÑCZYKOWSKA 1972 , PIOTROWSKI & OCHMAN 1993 , STAÑCZYKOWSKA et al. 1997 . Such diverse conditions testify to a great adaptive potential of the bivalve. The zebra mussel tolerates high loads of chemical pollution, and changes in habitat conditions in water bodies affect it to a lesser degree compared to other molluscs (MOUTHON 1981 , STAÑCZYKOWSKA et al. 1983 ). These properties have no doubt played a considerable part in the expansion of the species.
D. polymorpha plays an important ecological role in water bodies, due to biofiltration, biosedimentation and bioaccumulation (WIKTOR 1969 , PIESIK 1983 , STAÑCZYKOWSKA et al. 1983 , LEACH 1993 , REEDERS et al. 1993 . It considerably affects the matter circulation in water bodies, uses excessively developing phytoplankton as food, and constitutes food basis for crayfish, crabs, fish and birds (WIKTOR 1969 , PIESIK 1974 , SZLAUER 1974 , STAÑCZYKOWSKA 1977 , STAÑCZYKOW-SKA & PLANTER 1985 , FRENCH 1993 , STOCZKOWSKI & STAÑCZYKOWSKA 1995 .
Many mollusc species of wide geographical distribution show a high genetic variation. For example, a wide variation (expected heterozygosity H 0 =0.61-0.66) was found in two species of the genus Cerithium (RITTE & PASHTAN 1982) , four species of Macoma Genetic structure of Dreissena polymorpha (Pallas) from Poland (H o =0.21-0.44; WENNE 1993) and Brachidontes variabilis (H o =0.62-0.66; SAFRIEL & RITTE 1986) .
Like other expanding species, the zebra mussel is characterised by a wide genetic variation which enables it to spread over large areas and occupy a variety of habitats (WIKTOR 1969 , STAÑCZYKOWSKA 1977 , HE-BERT et al. 1989 , MAY & MARS-DEN 1992 , BOILEAU & HEBERT 1993 , PIECHOCKI & DYDUCH-FALNIOWSKA 1993 , SPIDLE et al. 1994 .
First estimates of the allozyme variation in D. polymorpha were made in America (HEBERT et al. 1989 , ROSE & ECKROAT 1991 , MAY & MARSDEN 1992 , BOILEAU & HEBERT 1993 , SPIDLE et al. 1994 . The mean expected heterozygosity per locus (H) for the analysed populations was 0.35. The wide variation of American populations indicates that the invasion included abundant founder populations, and thus no genetic drift was observed (HEBERT et al. 1989 .
A high level of variation, comparable to that found in American populations (H=0.40), was observed in Western European populations of D. polymorpha (BOILEAU & HEBERT 1993 , SPIDLE et al. 1994 . A population of D. polymorpha from a Lithuanian lake Dringis, analysed by ZAPKUVIENNE (1992), also showed a high polymorphism (H=0.44). BOILEAU & HEBERT (1993) classified D. polymorpha in a group of 10 animal species with the highest level of genetic variation.
Previous genetic studies on the variation of Polish populations of the zebra mussel were of limited range and pertained to single populations from Western Pomerania and Mazurian Lakeland (ZIELIÑSKI et al. 1995 , 1996 , 2000 , SOROKA et al. 1997 , PIESIK et al. 1998 , SOROKA 1999 . The studied populations showed a high allozyme variation of 7-8 analysed loci. The basic variation parameters were: 75-100% polymorphic loci, mean number of alleles per locus 2.8-4.5, per polymorphic locus 3.5-3.9, mean expected heterozygosity per locus per population 0.338-0.455. These preliminary data indicated that the level of genetic variation in Polish populations of D. polymorpha was similar to or even higher than that found in W European or even American populations.
The main objective of this study was an estimate of genetic variation and genetic structure of Polish populations of D. polymorpha in view of the effect of the geographical location.
The technique used was isoenzyme electrophoresis on starch gel. It is commonly applied in genetic--population and genetic-evolutionary studies (NEI 1972 , 1987 , HEDRICK 1975 , HAMRICK & GODT 1990 ).
MATERIAL AND METHODS

MATERIAL
D. polymorpha was collected from 32 water bodies in Poland. The sites were selected in such a way as to represent the areas of Poland where D. polymorpha was the most common i.e. Pomeranian, Wielkopolskie, Mazurian and Suwalskie Lakelands, and lakes of S Baltic coast. The location and list of the sites are presented in Fig. 1 It was assumed that D. polymorpha from one water body constituted one population. Such an assumption was justified by earlier detailed studies on D. polymorpha from the lakes Iñsko (SOROKA et al. 1997) and D¹bie (PIESIK et al. 1998) .
Each sample included material randomly collected from many parts of the lake and depths ranging from 0.1 to 20 m. The material was collected in such a way that each sampling point constituted a part of a compact colony of D. polymorpha. From 20 to 50 individuals were collected at each point. The number of sampling points depended on the surface area of the lake, the length of its shoreline and the size of the zebra mussel population. The number of sampling points per population ranged from 2 to 31, the mean being 12 (Table 1) . Only in lake Sitno, where individuals of D. polymorpha were scattered over the bottom, 10 specimens were collected from a small area. The material was collected by a diver, Mr. MAREK OEWIER-with algal suspension. The remaining samples (20-32) were frozen and stored at -20 o C. Thus protected samples were stored for ca. 1 month during which electrophoretic analyses were carried out. The material preserved its enzymatic activity during the whole period of analysis.
The total number of analysed specimens was 3,870 from 32 populations (Fig. 1, Table 5 ). The number of analysed specimens per population ranged from 20 to 310, the mean being 121. Ten specimens from each colony were analysed.
Because of the distribution of D. polymorpha in Poland, three regions were distinguished: Pomerania, Mazurian Lakeland and Konin. Pomerania (N=2,830) was represented by populations 1-21, Mazurian Lakeland (N=560) by 23-28, Konin (N=400) by 29-32. Population 22 from the Vistula Bay was not included in any region.
Some of the lakes were naturally or artificially connected, or belonged to the same catchment area which was considered when interpreting the results. Such lakes included: Wooewin and Iñsko (Ina River catchment area), Sitno, Adamowo and Ostrowiec (Drawa River catchment area), OEniardwy and Miko³ajskie (naturally connected), Gos³awskie, P¹tnow-skie, Mikorzyñskie and OElesiñskie (parts of the cooling system of the Konin and P¹tnów power plants). The lakes Orzechów, Czarnog³owy, Du¿e, P³ociowe and Marta are isolated water bodies located among forests or fields, fed exclusively by atmospheric precipitation and underground waters. It is noteworthy that lake Czarnog³owy (no. 7), contrary to all the other lakes which are post-glacial, is a young reservoir. It was formed in the 50s of the 20th c. as a result of limestone excavation.
BIOCHEMICAL METHODS
Seven enzymes were analysed with starch gel electrophoresis. The electrophoresis followed standard procedures (PASTEUR et al. 1988 , SOLTIS & SOLTIS 1989 , with some modifications (SOROKA et al. 1997 ).
Enzyme protein extraction
A 20 mg fragment of muscle tissue was taken from each live or frozen individual, pulverised in a cooled mortar with 200 ml extraction buffer and a pinch of quartz sand.
Extraction buffer 0.1 M Tris-HCl, pH 7.5: Tris 1.21 mg, KCl 75 mg, EDTA Na 2´6 H 2 O 38 mg, MgCl 2´6 H 2 O 203 mg, Triton X-100 20 ml 0.5%, distilled water added till 100 ml.
Immediately before use 20 ml 2-mercaptoethanol were added to the extraction buffer. The resulting tissue extract was placed in a refrigerator at +4°C for 15 minutes, then three Whatman 3 MM blots of 5´8 mm size were soaked in it. The blots were spread on the slots of three different starch gels (Sigma electrostarch) and electrophoresis was run in three different buffer systems.
Gels and separating buffers
In order to ensure the optimum separation, three different kinds of gels and separating buffers were used: lithium-borate, pH 8.0, morpholine-citrate, pH 6.1 and Tris-citrate (electrode buffer, pH 8.0 and gel buffer, pH 9.1). Aspartate aminotrasferase (GOT, AAT, E.C.2.6.1.1), esterase (EST, E.C.3.1.1.2) and phosphoglucoisomerase (PGI, E.C.5.3.1.9) were separated in lithium--borate buffer, NAD-dependent malate dehydrogenase (MDH, E.C.1.1.1.37), NADP-dependent malate dehydrogenase (ME, E.C. 1.1.1.40) and isocitrate dehydrogenase (IDH, E.C. 1.1.1.42) in morpholine-citrate buffer, and phosphoglucomutase (PGM, E.C.2.7.5.1) in Tris-citrate buffer.
Lithium-borate buffer: electrode buffer, pH 8.0: lithium hydroxide 1.2 g, boric acid 11.89 g, H 2 O till 1 l; gel buffer, basic solution, pH 8.0: Tris 6.2 g, citric acid 1.6 g, H 2 O till 1 l. The gel buffer was prepared by combining 9 parts of basic gel buffer and one part of electrode buffer.
Morpholine-citrate buffer: electrode buffer, pH 6.1: citric acid 8.4 g, N-3 aminopropylomorpholine 9.1 ml, H 2 O till 1 l; gel buffer, pH 6.1: electrode buffer 36 ml, H 2 O 964 ml.
Tris-citrate buffer: electrode buffer, pH 8.0: boric acid 18.6 g, sodium hydroxide 2 g, H 2 O till 1 l; gel buffer, pH 9.1: Tris 9.2 g, citric acid 1.1 g, H 2 O till 1 l.
Electrophoretic separation of enzyme proteins
Electrophorectic separation was run horizontally in perspex apparatus. Starch gels of 190´105 mm size were prepared the day before the electrophoresis. Prior to the analysis the gels were cleaned, and in their slots ca. 23 blots soaked in extract were placed. The gel was covered with foil and a glass plate on which containers with cooling liquid were placed to prevent heating of the gel during electrophoresis. All the proteins migrated in the anodal part of the gel; the distance of their separation was 8 cm. The electrophoresis in the lithium-borate buffer was run for 4.5 hrs, till the front reached the distance of 3-5 mm from the end of the gel. The current used was 220 V and 42 mA. The duration of electrophoresis in the morpholine-citrate buffer was 5 hrs, the current being 110-120 V and 32 mA. The parameters, and the time of separation were followed strictly because of the absence of front in this buffer. In the Tris-citrate buffer the electrophoresis was run for 4 hrs, till the front reached the distance of 3-5 mm from the end of the gel. The current used was 140 V, 34 mA.
Enzyme staining
Enzymes were histochemically stained immediately following electrophoresis, through incubation of the gel in a staining mixture (GOT, EST) or covering it with agar overlay with staining mixture (PGI, MDH, ME, IDH, PGM). Staining was carried out in a thermostat at 37°C and lasted up to 1 hr.
Aspartate aminotransferase (GOT): aspartic acid 130 mg, ketoglutaric acid 50 mg, EDTA 7 mg, FBRR 150 mg, pyridoxal-5-phosphate x H 2 O 3 mg, 0.1 M Tris-HCl, pH 7.1 50 ml, 0.4 M phosphate buffer, pH 7.4, 50 ml. The substrates were solved in buffers, while FBRR and pyridoxal-5-phosphate were added immediately before staining the gel.
Esterase (EST): a-naphthyl acetate 100 mg, FBRR 100 mg. Weighed amounts were solved in a mixture of acetone and distilled water as 1:1, then 100 ml 0.1 M phosphate buffer pH 6.0 was added.
In the agar-overlay method, the weighed amounts were solved in 5 ml Tris-HCl buffer pH 8.0; then 5 ml of this buffer were added, with 75 mg agar dissolved in it. The gel surface was covered with agar film. The enzymes listed below were stained with this method:
Phosphoglucoisomerase (PGI): fructose-6-phosphate 5 mg, MgCl 2 10 mg, NADP 2 mg, MTT 2 mg, PMS 0.5 mg, G-6-PDH 5 units.
NAD-dependent malate dehydrogenase (MDH): malic acid 300 mg, neutralised with Na 2 CO 3 (ca. 240 mg), NAD 3 mg, MTT 2 mg, PMS 0.5 mg.
NADP-dependent malate dehydrogenase (ME): malic acid 500 mg, neutralised with Na 2 CO 3 (ca. 400 mg), MgCl 2 10 mg, NADP 2 mg, MTT 2 mg, PMS 0.5 mg.
Isocitrate dehydrogenase (IDH): sodium salt of DL-isocitrate acid 60 mg, MgCl 2 10 mg, NADP 2 mg, MTT 2 mg, PMS 0.5 mg.
Phosphoglucomutase (PGM): a-D-glucose-1-phosphate Na 2´4 H 2 O 30 mg, MgCl 2 10 mg, NADP 2 mg, MTT 2 mg, PMS 0.5 mg, G-6-PDH 5 units.
Documentation of results
The results were documented for each electrophoretic run; following staining of the enzymes the results were entered in tables, each enzymatic phenotype being assigned a number. Each specimen had a numerical summary record of its phenotype consisting of 7 analysed enzymes. Photographs of selected gels were taken.
STATISTICAL METHODS
The resulting electrophoretic phenotypes were analysed with respect to their frequency (phenotype analysis); their genetic analysis was also carried out.
In phenotypic analysis each enzyme was statistically analysed with Microsoft Excel and Chi-square test in nominal scale. Coefficients of genetic similarity (I H ) and genetic distances (D H ) between the populations were based on the frequency of phenotypes (according to HEDRICK 1975) .
Dendrogram for 32 populations of D. polymorpha was constructed with UPGMA method based on coefficients of genetic similarity, according to HEDRICK (1975) .
Genetic analysis of genotype records of all loci was performed with programmes BIOSYS (SWOF- FORD & SELANDER 1983) and GENESTAT-PC v. 2.1 (WHITKUS 1988 Figure 2 shows electrophoretic phenotypes of the seven studied enzymes. Author's own numbering of alleles was used, because of the absence of data on band position and principles of allele numbering in literature describing electrophoretic phenotypes of D. polymorpha (HEBERT et al. 1989 , MAY & MARSDEN 1992 , SPIDLE et al. 1994 . Bands and alleles were numbered according to the commonly accepted principles, though the numbers did not always correspond to mobility.
Each enzyme had a few electrophoretic phenotypes which were numbered according to the sequence adopted (phenotypic analysis, Fig. 2 ). The phenotypes were one-, two-, three-, four-, or five--banded and were exclusive within individuals.
In the genetic interpretation it was assumed that exclusive one-banded phenotypes of different electrophoretic mobility were single-locus homozygotes. Phenotypes of 2, 3, 4 and 5 bands were interpreted as heterozygotes for the respective locus. Seven enzymatic loci were identified, one for each enzyme.
The detailed genetic interpretation of the obtained electrophoretic phenotypes of the seven analysed enzymes is presented below (Fig. 2) .
Aspartate aminotransferase (GOT): 14 phenotypes of one to five bands. It was assumed that the phenotypes were encoded by a single locus, Got1, of five alleles Got1-1 -Got1-5.
Esterase ( The mean number of phenotypes per enzyme, calculated based on analysis of 32 populations of D. polymorpha, was 13.4. The enzymes displayed the following numbers of phenotypes: ME -25, MDH -18, GOT and PGI -14, IDH -12, EST -8, PGM -3 (Tables 2, 3) . Table 2 shows numbers of phenotypes for particular enzymes in the 32 analysed populations. The mean number of phenotypes per population was the highest for enzymes ME -10.8, PGI -7.2 and GOT -7.1. In particular populations the highest numbers of phenotypes were found for enzymes: ME, from 3 to 15, PGI -4-11, GOT -3-12. The lowest mean number of phenotypes per population was observed for enzyme PGM -1.41.
With respect to all enzymes except MDH, on an average half of the phenotypes found within the species were present in each population. Only in the case of PGM in the population from lake Miedwie (no. 2) the maximum number of three phenotypes was present. Table 3 presents the frequency of phenotypes in the populations of D. polymorpha. For all the enzymes except GOT, one of the phenotypes had a higher frequency than the remaining ones and was present in all the populations.
Phenotype frequency in populations
Phenotypes of frequencies exceeding 0.10, their number being 20, were present on an average in 93% populations. Twenty nine phenotypes were within the range of 0.01-0.10 and on an average each of them appeared in 61% populations. Phenotypes of frequencies below 0.01 were observed for all the enzymes, their total number being 45, and they were on an average present in 12% populations. The least numerous were rare phenotypes of PGM -1 phenotype, the most numerous were those of ME and MDH -13 in each case. The distribution of rare phenotypes among the populations varied. Over half of such phenotypes appeared in one or three populations. The remaining 20 phenotypes of this group were present in 4-10 populations.
The results suggest a widespread character of both high-and low-frequency phenotypes in the populations.
Genetic similarity and genetic distance
between the populations Values of genetic similarity I H between the analysed populations of D. polymorpha, calculated according to HEDRICK (1975) , were within the range of 0.452 to 0.958, the mean being 0.778 (Fig. 3 ). Three populations: Czarnog³owy (no. 7), Sitno (no. 14) and OElesiñskie (no. 32) had the lowest I H values, which were 0.452, 0.469 and 0.516, respectively (Fig. 4) . The highest number of populations were within the range 0.85-0.90 and 0.75-0.80 (Fig. 3) . Figure 4 shows genetic similarity between the analysed populations.
Genetic distances between the 32 populations calculated according to HEDRICK (1975) were within the range of 0.042-0.548, the mean being 0.222.
I H values varied somewhat between the enzymes (Fig. 5) . MDH showed the highest genetic similarity, ranging from 0.548 to 1.000, the range for ME was 0.332-0.982, for PGI -0.190-0.996, for IDH -0.164-1.000. The lowest I H values were those for GOT and EST, where the values varied widely and amounted to 0.017-0.992 and 0.035-1.000, respectively. All the lowest values of the coefficient for EST were observed in the population OElesiñskie (0.035-0.243). EST had high values of mean and median of genetic similarity, amounting to 0.798 and 0.917, respectively, while for GOT the corresponding values were 0.492 and 0.483. For the remaining enzymes the values of mean and median of genetic similarity were within 0.775-0.927 and 0.803-0.961, respectively.
GENETIC STRUCTURE OF POPULATIONS
OF D. POLYMORPHA
Percentage of polymorphic loci
Based on electrophoretic analysis of 7 enzymes in 3,870 individuals of D. polymorpha from 32 populations, 7 enzymatic loci were identified. All the loci were variable in that there were at least two alleles in a locus (see Table 8 ). The percentage of polymorphic loci at a polymorphism criterion 0.99 and 0.95 was 100 (Table 4) .
The percentage of polymorphic loci per population, considering the above-mentioned polymorphism criteria, was 89.28 and 78.04, respectively. The difference was mainly due to locus Pgm1 which, depending on the criterion adopted, was monomorphic in 62.5-87.5% populations. At the polymorphism criterion of 0.99 the percentage of polymorphic loci in the populations assumed values ranging from 85.7 (6 polymorphic loci) to 100, the mean being 89.3 (Table 5 , Fig. 6 ). In 75% analysed populations variation was observed in 6 loci, the monomorphic locus being always Pgm1. The remaining populations showed variation in all the loci (Fig. 6) . The lowest number of polymorphic loci (5) was Genetic structure of Dreissena polymorpha (Pallas) from Poland 185 found in the population from Orzechów (no. 4) at polymorphism criterion 0.95 which most probably resulted from the small sample size.
Number of alleles per locus
The number of alleles per locus and per polymorphic locus for the species was 4.7 (Table 4) . Polymorphic loci showed the following numbers of alleles: (Table 6 ).
The mean number of alleles per locus and per polymorphic locus per population was 3.5 and 3.7, respectively (Table 5 ). The analysed populations differed in (Table 5 ). The number of alleles per polymorphic locus was distributed in an analogous way. Table 6 presents the number of alleles in particular loci in the 32 analysed populations. The mean number of alleles per population was the highest for loci Me1 -5.6, Got1 -4.6 and Pgi1 -3.6. The number of alleles varied between populations: in locus Me1 from 3 to 7, in locus Got1 from 3 to 5 and in locus Pgi1 from 3 to 4, the maximum number of alleles being 8, 5 and 4, respectively. The lowest mean number of alleles per population was observed in loci Pgm1 -1.4 and Est1 -2.9.
Some populations displayed maximum numbers of alleles in all loci except Me1. Twenty two populations had five alleles in locus Got1, and 20 populations had four alleles in locus Pgi1. The maximum number of alleles in loci Pgm1 and Idh1 was found in 12 and 8 populations, respectively. In three populations (numbers 30-32) there were maximum numbers of alleles in locus Mdh1. Populations P¹tnowskie (no. 30) and Orzechów (no. 4) were characterised by the maximum and minimum number of alleles in all the loci, respectively. In the remaining populations the distribution of the number of alleles in particular loci varied.
Frequency of alleles in populations
The mean allele frequencies in D. polymorpha from Poland and their distribution in the 32 populations Genetic structure of Dreissena polymorpha (Pallas) from Poland 189 1  D¹bie  3  3  4  6  5  4  2  2  Miedwie  5  3  3  7  5  4  2  3  Gardzko  5  3  3  4  3  3  1  4  Orzechów  3  2  3  3  2  2  1  5  Ch³op  3  3  3  5  4  4  1  6  Marwicko  5  3  3  5  3  3  2  7  Czarnog³owy  5  3  3  5  2  3 OEniardwy  5  3  4  5  2  2  1  24  Miko³ajskie  5  3  3  5  2  2  1  25  Wersminia  5  3  3  7  2  3  1  26  Inulec  5  3  3  7  3  2  2  27  Majcz  5  3  4  5  3  3  1  28  Necko  5  3  4  5  3  2  1  29  Gos³awskie  5  3  3  5  5  3  2  30  P¹tnowskie  5  4  4  7 are contained in Table 7 . In all the polymorphic loci except Pgi1 one allele had a frequency over 0.53. Rare alleles, of frequencies below 0.01, were found in 4 loci, their total number being 8. The number of rare alleles varied from 0 to 3 between the loci. Table 8 contains frequencies of alleles for particular loci in the 32 populations. The populations differed with respect to the presence of alleles and their frequency. The presence of alleles in the populations was correlated with the frequency of their occurrence in the species (Table 7) . With increasing frequency in the species, the number of populations in which the allele appeared, increased. An exception was allele 6 in locus Me1, of a frequency of 6% but which was found in all the populations. Alleles found in all the populations showed a wide range of frequency. Out of 15 alleles in this group, six had frequencies over 0.53, three alleles over 0.36, and five alleles had a range of frequency of 0.06-0.20 (Table 7) .
Alleles of frequencies from 0.05 to 0.12 were found on an average in 93% populations each, and two of them were present in every population. Alleles of frequencies from 0.01 to 0.05 were detected on an average in 65% populations each. One of the six alleles of this group, Est1-3, was present in as much as 88% populations. Another, Pgm1-2, was found only in 38% populations. Alleles of frequencies of 0.002 to 0.01 were detected on an average in 33% populations each. Among the six alleles of this group, the most often encountered was allele Me1-4 (47%), the least common being Mdh1-4 (22%). Alleles Est1-4 and Me1-8 which appeared in 1 and 2 populations, respectively, had a frequency of 0.001 (Table 7) . The results suggest a wide distribution of alleles of low frequency in the populations.
Expected heterozygosity
The mean expected heterozygosity H T in D. polymorpha was 0.473. The mean value of expected heterozygosity H S per population was 0.447 and it ranged from 0.338 to 0.531 (Tables 4, 5, 9) . The values of expected heterozygosity H T and H in the analysed loci are presented in Table 9 . The mean value of H T per locus was 0.473, and the mean value of H -0.447. In all the loci except Got1, the values of H T and H were similar. This resulted from the lack of differences between the frequencies of alleles in populations with respect to loci Est1, Pgi1, Me1, Mdh1, Idh1 and Pgm1. Locus Got1 proved to be the most variable, with H T = 0.661, followed by loci Pgi1 (0.631) and Me1 (0.592). Locus Pgm1 had the lowest values of H T (0.028) and H (0.026). The values for the remaining loci were within the range of 0.348-0.525 (Fig. 7) .
Number of genotypes per locus
The number of genotypes per locus estimated for the species was 10.3 ( of genotypes were found in the analysed loci: Me1 -17, Got1 and Mdh1 -13, Pgi1 -10, Idh1 -9, Est1 -7, Pgm1 -3 (Tables 10, 11 ). Table 10 presents the numbers of genotypes in particular loci and populations of D. polymorpha. The mean number of genotypes per locus per population was 5.3, the extreme values being 2.43 and 7.29 (populations no. 4 and 30). The highest mean values of the number of genotypes per locus per population were observed in loci Me1 -8.7, Pgi1 -6.8 and Got1 -6.6. The number of genotypes in locus Me1 varied between populations from 3 to 11, in locus Pgi1 from 4 to 10 and in locus Got1 from 3 to 10, the maximum numbers of genotypes being 17, 10 and 13, respectively. In two populations, 2 and 16, in loci Pgm1 and Pgi1 there were all genotypes found in the species. In the remaining populations in all the loci the number of genotypes was always lower compared to the maximum number for the species.
There was a strong linear correlation (r=0.9 at p<0.001) between the number of genotypes per locus and the number of alleles per locus (Fig. 8) . With increasing number of alleles in a population the number of genotypes observed increases.
Genotype frequencies in populations
The mean frequencies of genotypes and their distribution in the 32 populations of D. polymorpha are presented in Table 11 . In loci Est1, Mdh1 and Pgm1 one of the genotypes was considerably more frequent than the others. In the remaining loci the number of genotypes was 3-5, and their frequencies ranged from 0.11 to 0.38. In all the loci rare genotypes were found to occur, of frequency below 0.01. The number of rare genotypes was 29, and for particular loci it ranged from 1 (Pgm1) to 8 (Me1 and Mdh1). The frequencies of genotypes in the species were correlated with their frequencies in the populations. With increasing frequency of a genotype in the species, the number of populations where the genotype was present increased. Nine high-frequency (0.18-0.98) genotypes were present in all the populations. Only in locus Me1 genotype 1-6, in spite of its 0.08 frequency, was also found in all the populations. Out of 20 genotypes of a frequency of 0.001-0.003, 7 were found in single populations, 6 in two and 2 in three populations. The remaining genotypes of this group were found in 5 or 7 populations (Table 11) .
The hypothesis of panmictic character of populations of D. polymorpha was tested based on genotype frequency, using Chi square test (Table 12) . Analysis of loci with respect to Hardy-Weinberg equilibrium showed that over half of them were not in equilibrium. On an average each population had 2.94 loci in Hardy-Weinberg equilibrium out of 6.4 loci tested per population. The extreme numbers of loci in equilibrium were 0 and 5 and were found in populations D¹bie and £eba-Reda (Table 12) .
Locus Got1 was in Hardy-Weinberg equilibrium only in the population from Iñsko, Est1 in populations P³ociowe, Majcz and Necko (Table 12 ). The absence of equilibrium resulted from the high excess of heterozygotes in 94% populations in locus Est1 and in 91% populations in Got1 ( was followed by loci Mdh1 and Idh1 (75.0% and 56.3% populations, respectively). Loci Me1 and Pgm1 were not in equilibrium in over half of the analysed populations (Table 13) . Table 14 presents the values of heterozygote excess coefficient (D) in the analysed loci in the 32 populations. A correlation was found between the D value and the Hardy-Weinberg equilibrium for particular loci. The highest and the lowest (negative) D values were observed in the loci which were not in equilibrium. These included Est1, Got1 and Pgm1 of the following mean D values: 0.59, 0.20 and -0.21. In the remaining loci the number of homo-and heterozygotes was in equilibrium (D<0.05), and the lack of equilibrium in some of the populations resulted from rare genotypes whose distributions departed from the expected.
Individual genotypic variation
Ninety two unique genotypes were found in the populations which constituted ca. 75.8% all genotypes. The percentage of unique genotypes varied between populations, from 36% to 98% (Table 15 ). The per- centage of unique genotypes in the population depended on the number of analysed individuals: the more numerous specimens were analysed, the lower the percentage of unique genotypes (Fig. 9) . The correlation was statistically significant (r=-0.4, p<0.005), though some populations behaved differently. For example, in the population from lake Marta (no. 17), with 100 individuals analysed, the percentage of unique genotypes was 36%, and in the population from lake Miedwie (no. 2), where 300 individuals were analysed, the percentage was high and amounted to almost 73%. No correlation was found between the num- ber of alleles in the population and the percentage of unique genotypes, and there was a small correlation, on the border of significance (r=0.31, p=0.09) between the number of genotypes in the population and the percentage of unique genotypes (Fig. 10 ).
3.3.8. Genetic diversity within colonies of D. polymorpha Three hundred eighty seven colonies were analysed for 7 enzymatic loci. All the colonies proved to be polymorphic.
The genetic diversity within the colonies is presented as three examples: Orzechów (no. 4), Wooewin (no. 8) and Gos³awskie (no. 29). The populations represent the lowest (population 4), moderate (8) and the highest (29) values of the expected heterozygosity per locus per population (H S , see Table 5 ) and the highest (population 29) and medium (4, 8) percentage of unique genotypes (see Table 15 ).
Each of the 32 colonies, including 2 from the population Orzechów, 20 from Wooewin and 10 from Gos³awskie, was polymorphic with respect to 5 to 7 enzymes, at the polymorphism criterion 0.99. The fewest polymorphic loci were found in two colonies, one from each of the populations Orzechów and Wooewin (Table 16 ). The number of alleles per locus per colony was on an average 2.62 and ranged from 2.00 to 3.43. The number of alleles per polymorphic locus ranged from 2.33 to 3.71, the mean being 2.86 (Table 16 ). In case of locus Got1 some colonies had the maximum number of alleles for the species. In the remaining polymorphic loci the number of alleles in a colony was 2-6 (Tables 17, 18) .
Most often in a colony there were 10 different genotypes in 10 analysed specimens (Table 16 ). The lowest numbers of alleles per locus and per polymorphic locus, numbers of genotypes and percentage of polymorphic loci were found in two colonies of the population Orzechów .  Tables 17 and 18 show frequencies of alleles in 32 colonies in the three above-mentioned populations. In loci Me1, Mdh1 and Pgm1 one of the alleles had a decidedly higher frequency compared to the other alleles. In the remaining loci the highest frequencies were observed in case of two alleles of similar frequency values. Colonies within a population differed with respect to the occurrence of rare alleles and low--frequency alleles. Colonies of different populations differed also in high-frequency alleles (Tables 17, 18 ). For example, allele Got1-5 in the population from Wooewin was present in 55% colonies with a frequency of 0.05-0.20, while in the population from Gos³awskie it was present in all the colonies and its frequency ranged from 0.10 to 0.45. A similar phenomenon was observed in case of allele Me1-7.
Genetic structure of Dreissena polymorpha (Pallas) from Poland 199 The spread of alleles in the colonies increased with increasing frequency of alleles in the population (Fig.  11, Tables 17, 18 ). Alleles of frequencies of ca. 0.5 occurred in 100% colonies in each population. Alleles of frequencies of up to 0.06 were present in 5-60% colonies. The significance of differences between the distributions of alleles in the analysed colonies for each enzyme was tested with Chi-square test. In case of locus Got1 colonies from the population Gos³awskie showed significant statistical differences at the adopted significance level of 0.05. No statistically significant differences were found in the remaining loci.
The genetic similarity between the colonies in the populations of D. polymorpha calculated according to NEI (1978) Figure 12 is a dendrogram illustrating genetic similarity between the studied populations.
The genetic distance D N between the populations was within 0.001-0.189 (NEI 1978) . For 7 populations the values did not exceed 0.060, for 8 populations they were over 0.100. Populations Du¿e and Orzechów showed the highest genetic distances, of 0.189 and 0.167, respectively.
The clusters in the dendrograms were the same with respect to the genetic similarity and distance.
A correlation was observed between the value of genetic similarity of the populations and their geographical distance. Besides, genetic similarities between the populations connected by water courses were higher compared to isolated populations (for description see Material and methods). Figure 13 presents values of genetic similarity between connected and isolated populations compared to closely located and geographically distant populations. For connected populations I coefficient assumed values from 0.965 to 0.997, for isolated closely located populations -0.899-0.994, for geographically distant populations -0.866-0.966 (Table 19) . Wooewin  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19 .00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Coefficients of genetic diversity
Values of D ST and G ST coefficients for the analysed loci, considering the correction for the sample size and the number of populations, are presented in Table 9 and Fig. 7 . The highest intra-population variation compared to the variation in the species expressed by D ST coefficient was observed in loci Got1, Pgi1 and Idh1 for which these values were 7.16%, 3.98% and 2.17%, respectively. In locus Pgm1 D ST value was the lowest (0.21%). The mean D ST value per locus was 2.56%. The highest proportion of inter-population variation compared to the total variation within the species, as expressed by G ST coefficient, was found in loci Got1 (10.85%), Pgm1 (7.28%) and Pgi1 (6.31%), the lowest -in locus Me1 (2.63%). The mean G ST value per locus was 5.42%.
Genetic differentiation between
distributional groups of D. polymorpha Genetic similarity between populations within the geographical regions of Pomerania, Mazurian Lakeland and Konin was high and ranged from 0.9749 to 0.9863. Genetic distances between these groups ranged from 0.0138 to 0.0254 (Table 20) . Within the regions the highest mean similarity was that between populations from the Konin group (0.9868), the lowest -between populations from the Pomerania group (0.9495, Table 21 ). The mean genetic distance was the highest in Pomeranian populations, the lowest within the Konin group (Table 21) .
The frequencies of alleles in the groups from Pomerania, Mazurian Lakeland and Konin are presented in Table 22 . The frequencies were similar between the groups except loci Got1 and Est1 where they were much variable. For example, allele Got1-1 in the group of Pomerania had a frequency of 0.646, in the group of Konin -0.323, while its frequency in the species was 0.536. The groups differed in the occurrence of low-frequency alleles. Alleles Est1-4 and Me1-8 were characteristic of the groups Konin and 204 Marianna Soroka (Table 23) .
H S values for the three groups of populations were varied and ranged from 0.438 to 0.503 (Table 24) 
DISCUSSION
The electrophoretic studies on the variation of 7 loci in D. polymorpha from Poland showed a strong protein polymorphism in the species. The level of genetic variation in the zebra mussel is higher than in the populations from the Great Lakes of North America which the species started to invade in 1985 (HE-BERT et al. 1989 , ROSE & ECKROAT 1991 , GARTON & STOECKMANN 1992 , BOILEAU & HEBERT 1993 , SPIDLE et al. 1994 .
Parameters of genetic variation of D. polymorpha from Poland were: percentage of polymorphic loci 100, number of alleles per locus 4.7, mean expected heterozygosity per locus per population 0.447.
In 13 American populations, analysed for 12 loci, the variation parameters were lower: percentage of polymorphic loci 92.8, number of alleles per locus 3.4, mean expected heterozygosity per locus per population 0.35 (HEBERT et al. 1989 , MAY & MARSDEN 1992 , BOILEAU & HEBERT 1993 , SPIDLE et al. 1994 . A relatively wide variation of the zebra mussel populations on the American continent indicates that the populations were founded by a considerable number of individuals, and thus underwent no bottleneck effect (HEBERT et al. 1989 .
Like populations of D. polymorpha, most other introduced mollusc species in the Great Lakes of North America, especially those with planktonic larvae, show a level of variation similar to that found in their founder populations (WARD 1990 ). An absence of allozymic variation was observed only in an American population of Corbicula fluminea, an introduced species in North America (SMITH et al. 1979) .
Compared to D. polymorpha, a higher level of polymorphism was found in several species of Black Sea molluscs which colonised the Mediterranean Sea through the Sues Canal. They include snails Cerithium scabridum and C. caeruleum in which each of 20 loci turned out to be polymorphic, the mean number of alleles per locus being 3.9-4.9 and the heterozygosity (H o ) was 0.61-0.66 (RITTE & PASHTAN 1982) , and a bivalve Brachidontes variabilis characterised by the mean number of alleles per locus 5.5 (17 loci examined) and the heterozygosity of 0.62-0.63 (SAFRIEL & RITTE 1986 ). All these three species, like D. polymorpha, are invasive organisms of a wide distribution. Their life cycle includes external fertilisation and a stage of planktonic larva which enables them to be transported with sea currents and in consequence be dispersed widely which implies an intense gene flow (STAÑCZYKOWSKA 1977 , RITTE & PASHTAN 1982 , SAFRIEL & RITTE 1986 , BORCHERDING 1991 .
A high variation, similar to that found in the zebra mussel, was observed in such marine bivalves as Macoma baltica, M. incongrua and Mulinia lateralis. In these species 75-100% loci were polymorphic, the mean number of alleles per locus being 4.1-6.6, and the mean expected heterozygosity 0.365-0.456 (WEN-NE 1992 . In marine bivalves Crassostrea virginica (BUROKER 1983) , Macoma irus (WENNE 1993) , Patinopecten yessoensis (KIJIMA et al. 1984) and snails Littorina saxatilis and L. arcana (KINGHT et al. 1987 ) genetic variation was twice lower than in the Polish populations of D. polymorpha.
Western European populations of D. polymorpha and the population from Lithuania also turned out to be highly polymorphic: the percentage of polymorphic loci was 98.5%, the number of alleles per locus 2.5 and the mean expected heterozygosity per population 0.402 (ZAPKUVIENNE 1992 , BOILEAU & HEBERT 1993 , SPIDLE et al. 1994 .
In Poland all the analysed populations of D. polymorpha showed a high level of genetic variation, a high genetic similarity and a low inter-population differentiation. The mean expected heterozygosity per locus per population (H S ) assumed values ranging from 0.338 to 0.531 and was on an average 0.447. Its lowest value, 0.338, and the lowest number of alleles per locus, 2.29, was observed in a small isolated population Orzechów, which seems to be associated with the low number of examined specimens (20) rather than with isolated character of the population.
Dispersal of larvae of D. polymorpha in the water, the possibility of transport of adult individuals along inland routes, and consequent high potential gene flow, may account for the relatively poor genetic differentiation between the Polish populations of the zebra mussel.
Indices of genetic similarity (I) and genetic distance (D) (NEI 1978) A small genetic distance was observed also between American and W European populations of D. polymorpha. For six populations from the Great Lakes and two Dutch populations D assumed values smaller than 0.02 (MAY & MARSDEN 1992 , SPIDLE et al. 1994 ). However, two continental groups of the zebra mussel were 0.068 away, and though the distance is much higher, it is still within the genotypic and geographical variation of the species (SPIDLE et al. 1994 ).
The population groups corresponding to the geographical regions in Poland: Pomerania, Mazurian Lakeland and Konin, were also genetically highly uniform. The genetic similarity between the regions was very high (0.975-0.986), at a low genetic distance (0.014-0.025) ( Table 20) . The widest range of genetic similarity values was observed among Pomeranian populations (Table 21) which results most probably from their wide scatter in Pomerania and the small number of populations connected by natural or artificial water courses (Table 19 ). The highest genetic similarity was that between the Konin populations which are located close to each other and connected by canals. The data suggest unequivocally that a high genetic uniformity of populations of D. polymorpha results from biological dispersal abilities of the species and depends on the geographical distance between the populations and the presence/absence of water connections between them (Table 19 , Fig. 13 ).
The high level of homogeneity of the species is correlated with the small genetic differentiation of the populations as expressed by G ST coefficient.
Analysis of G ST coefficient in various marine mollusc species indicates a relation between its value and the presence/absence of a planktonic veliger in their life cycle (WARD 1990) . Low G ST values, within 0.011-0.065 were found in five snail species of the genus Littorina which have veliger larvae. Their presence favours gene flow which is regarded as the main factor decreasing genetic differences between populations. A fairly high G ST (0.076 and 0.085) found in Littorina plena and L. scutulata is rather surprising, as they both have pelagic larvae (MASTRO et al. 1982) . In spite of this, the mean genetic differentiation of molluscs with veliger larvae is by 1/3 lower compared to species with no such larva (WARD 1990) .
In D. polymorpha G ST mean value per locus was 0.054 and ranged from 0.026 in locus Me1 to 0.109 in locus Got1, and for 6 loci it did not exceed 0.073 (Table 9 , Fig. 7) .
The G ST value was the lowest in the Konin region (0.014), slightly higher in Mazurian Lakeland (0.021) and Pomerania (0.063) (Table 24) . With respect to the mean genetic similarity (I) the regions followed the same order, the values being 0.987, 0.984 and 0.950, respectively (Table 21 ). The results indicate that the larger the area of the region, the smaller the rate of gene flow, and as a result the higher inter-population differentiation and the smaller the genetic similarity. In the regions the G ST values varied widely between loci (Table 23 ). In loci Got1 and Pgm1 in Pomerania G ST assumed its highest values and was 0.126 and 0.103, respectively. In the regions of Mazurian Lakeland and Konin loci Est1 (0.057) and Got1 (0.036) showed the highest inter-population differentiation. Loci Idh1 and Pgm1 in the Mazurian populations and loci Est1 and Pgi1 in the Konin populations proved to be uniform as testified to by the G ST value 0 (Table 23) .
Genetic variation of D. polymorpha from small water bodies of Western Pomerania did not essentially depart from the variation of populations from large water bodies. Populations from small forest or midfield lakes, such as Czarnog³owy, Du¿e, P³ociowe and Marta, showed a wide genetic variation and did not differ in this respect from other populations from very large lakes. H S values for these four populations ranged from 0.362 to 0.487 (mean 0.431), and the number of alleles per locus was 3.0-3.7 (mean 3.3) ( Table 5) .
The high H S value in the population from lake Czarnog³owy (0.487), an excavation reservoir formed in the 50s of the 20th c., indicates an invasion which was not accompanied by a decrease in the population gene pool. On the contrary, the invasion was effected by genetically differentiated individuals or it was multiple, with a participation of founding populations from various water bodies. It should be conjectured that the remaining isolated populations were founded in a similar way, as evidenced by their similar variation parameters. The population from lake Sitno is also noteworthy; there the zebra mussel does not form colonies but few individuals live singly on the bottom. In spite of the low abundance, the population showed a high genetic variation (H s =0.444). This testifies to a mass invasion of the lake by D. polymorpha in the past and a constant immigration of new individuals from the abundant population of lake Ostrowiec, connected by the P³ociczna River.
The zebra mussel in small and isolated populations showed no decreased genetic variation compared to other populations of the species. Decreased genetic variation in small, isolated or newly established populations as a result of genetic drift was observed in many animal species (NEI 1987 , LEBERG 1992 . The lack of this phenomenon in D. polymorpha may be accounted for by its mass way of invading new water bodies and large dispersal abilities resulting from the biology of the species.
In the analysed populations of D. polymorpha all the loci except Pgm1 were polymorphic; Pgm1 turned out to be monomorphic in 20 populations (63%). The highest number of alleles per locus was found in Me1 -8, Mdh1 -6 and Got 1 -5, the lowest number being 2 alleles in Pgm1. Four alleles were found in each of the remaining loci. The mean number of alleles per locus per population was also the highest in locus Me1 -5.6 and then in Got1 -4.6, the lowest in Pgm1 -1.4 (Table 6 ).
The highest variation as expressed by the expected heterozygosity per locus for the species (H T ) was noted for loci Got1 (0.661), then for Pgi1 (0.631), Me1 (0.592), Est1 (0.525), Idh1 (0.512), Mdh1 (0.359) and Pgm1 (0.028). The analysed loci were similar with respect to expected heterozygosity per locus per populaGenetic structure of Dreissena polymorpha (Pallas) from Poland tion (H) which was slightly lower than H T . Exceptions were loci Got1 and Pgi1, characterised by the highest values of H T and H, respectively (Table 9) .
Locus Pgi1 showed a high variation also in American populations of D. polymorpha from lakes St. Clair (H=0.620 and 0.759, HEBERT et al. 1989 , BOILEAU & HEBERT 1993 , Erie (H=0.650, GARTON & HAAG 1991) and Oneida (H=0.654, BOILEAU & HEBERT 1993) where 4 and 5, and 6 and 5 alleles were identified, respectively. A high variation in locus Pgi was also observed by BOILEAU & HEBERT (1993) in W European populations of the zebra mussel (H=0.634) where they distinguished 4 alleles.
The highest number of alleles -7 -in locus Pgi1, including 4 high-frequency alleles and 3 unique alleles, was found in populations from the Great Lakes of North America , GARTON & STOECKMANN 1992 .
Some American populations of D. polymorpha showed a higher variation in loci Est and Pgm, compared to the Polish populations. Heterozygosity in locus Est in lake St. Clair was 0.70 (HEBERT et al. 1989) , in lake Erie 0.580 , where 4 and 5 alleles were found, respectively. Different results on the variation in locus Pgm were obtained by MAY & MARSDEN (1992) and SPIDLE et al. (1994) . In lake Oneida studied by MAY & MARSDEN (1992) the locus was monomorphic, while SPIDLE et al. (1994) found in that lake a variation of H=0.173 and identified 5 alleles. In the remaining 5 American lakes from 2 to 5 alleles were found in locus Pgm, and its heterozygosity ranged from 0.120 to 0.235 (MAY & MARSDEN 1992) . In two Dutch populations two alleles were found in locus Pgm, and the heterozygosity was 0.097 and 0.100 (SPIDLE et al. 1994) . In Polish populations which were polymorphic with respect to locus Pgm1, one of two alleles had a high frequency (Table  8 ). In these populations the expected heterozygosity ranged from 0.020 to 0.267.
For loci Idh, Mdh, Me and Got the variation in American populations was lower (HEBERT et al. 1989 , MAY & MARSDEN 1992 , BOILEAU & HEBERT 1993 , SPIDLE et al. 1994 compared to the Polish populations. In the population from lake St. Clair the expected heterozygosity for locus Idh was: according to HEBERT et al. (1989) 0.400, according to BOILEAU & HEBERT (1993) 0.408, and in lake Oneida 0.337 (BOILEAU & HEBERT 1993) . In the American populations the above-cited authors identified from 2 to 3 alleles in locus Idh. In European populations of the zebra mussel 4 alleles were identified in this locus, H value ranging from 0.260 (BOI-LEAU & HEBERT 1993) to 0.412 (ZAPKUVIENNE 1992) . Some authors (HEBERT et al. 1989 , MAY & MARSDEN 1992 , SPIDLE et al. 1994 found that NAD-dependent malate dehydrogenase was encoded by 2 loci, Mdh1 and Mdh2, one of them being more variable. In loci Me1 and Mdh lower H values were noted in the population from lake Erie (Me1 -0.12, Mdh1 -0.17, Mdh2 -0.29, compared to the European populations (ZAPKUVIENNE 1992 , BOILEAU & HEBERT 1993 .
A higher genetic variation of the Polish populations of D. polymorpha compared to the American ones results most probably from historical differences in the rate of expansion. A relatively high variation of American populations of ca. 10 years age suggests great adaptive abilities of the species and its invasive character. The obtained electrophoretic results indicate that the zebra mussel expands massively, using all its genetic potential.
Analyses of allelic and genotypic differentiation of D. polymorpha in colonies and populations attempted in this study are of pioneer character. A high polymorphism was found within colonies (86% polymorphic loci), the presence of 9.5 different genotypes in a colony and a high genetic similarity (Table 16 ). Values of genetic similarity between colonies in populations ranged from 0.847 to 0.994.
In almost 3/4 colonies there were 6 polymorphic loci, at a monomorphic locus Pgm1, 6 colonies had 7 polymorphic loci and only 2 colonies -5 polymorphic loci (Table 16 ). The colonies analysed in this paper differed mainly in the frequency of rare alleles, low frequency alleles and, to a lesser degree, some alleles of higher frequency (Tables 17, 18 ). From each colony 10 individuals were analysed, and 8-10 different genotypes were found. The high genetic differentiation within colonies may be accounted for by a high population polymorphism, the presence of external fertilisation and the free-swimming veliger larva.
Subpopulations from lakes D¹bie and Iñsko have a genetic structure similar to that of the colonies which justifies treating D. polymorpha from these lakes as one population of panmictic reproduction (SOROKA et al. 1997 , PIESIK et al. 1998 .
Based on analysis of many electrophoretic phenotypes, multilocus genotypes were identified, their number varying between the populations. There were unique genotypes (UG) which appeared once only. The value of UG coefficient in populations varied from 36 to 98%, the mean being 75.8% per population (Table 15 ). The percentage of unique genotypes in populations depended on the number of analysed specimens (negative correlation, Fig. 9 ) and on the mean number of genotypes per locus per population (positive correlation, Fig. 10) .
In D. polymorpha the mean number of genotypes per locus was 10.3 (Table 4 ). The highest number was found in locus Me1 -17, then in loci Got1, Mdh1 -13 in each, Pgi1 -10, the lowest number was recorded for locus Pgm1 -3 (Table 10 ). The genotypes that were present in all the populations varied considerably in their frequency which ranged from 0.08 to 0.94 (Table 11 ). The results of phenotypic interpretation of electrophoretic pictures were similar (Table 3 ). It can be supposed that heterozygotes of differentbetween heterozygosity and shell length or settling of juvenile D. polymorpha. Differences in shell length and body mass between individuals of D. polymorpha from various depths were observed by SOROKA et al. (1997) . A higher body mass and longer shells in individuals living at a depth of 20 m found no reflection in isozyme data. The differences resulted probably from changes in environment conditions. At the depth of 20 m the conditions are more stable and food availability is higher; it can be thus conjectured that the observed morphological variation is of a fluctuating character.
Morphological differences between shallow-and deep-water forms of Macoma baltica in the Gulf of Gdañsk were not reflected in electrophoretic differences between them (WENNE 1993).
Based on genetic similarity (I) or distance (D), taxa can be classified or genetic changes during speciation described. Local populations of a species are genetically very similar and their I ranges from 0.90 or 0.95 to 1.00, species in statu nascendi (semispecies and subspecies) ca. 0.79, sibling species 0.50-0.60, and taxonomic species from 0.30 to 0.87 (AYALA 1982) .
In the genus Dreissena the degree of genetic similarity at the inter-population and specific level is similar to that found in most other species. The form "quagga" found by MAY & MARSDEN (1992) in the Great Lakes of North America differed considerably from D. polymorpha in the occurrence and frequency of alleles. Because of the low value of genetic similarity, I=0.30, it was regarded as a distinct species, and then identified as D. bugensis (SPIDLE et al. 1994) . Populations of D. polymorpha and D. bugensis showed minimum values of genetic distance (MAY & MARSDEN 1992 , SPIDLE et al. 1994 . Both species occur sympatrically in the Great Lakes, the abundance of D. bugensis increasing with depth and decreasing temperature (MILLS et al. 1993) . The absence of hybrids between the two taxa confirms their genetic separateness (SPIDLE et al. 1995) .
